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Abstract 
The analysis of performance in beach volleyball should consider the development of the set or game systems in 
connection with successful completion. In this paper, we present a study of defensive system in university beach 
volleyball players in order to determine the evolution throughout the set and effectiveness in relation to the 
performance factors of the game. A total of n=937 blocking actions were analyzed by means of video recordings 
from 24 European men's teams from 16 different nationalities at the Ninth European Beach Volleyball 
Championship EUSA GAMES. The analysis of the videos was carried out using the free software program 
LongoMatch v.0.27 by an experienced observer. Reliability performed on the intra-observer analysis showed a 
margin of error lower than 5%. Both effectiveness of the game systems and frequency of winning and not 
winning points were annotated for each period of points. Statistical significance of the comparison of systems 
was calculated using the Z test to compare proportions. Results showed that the most widely used game system 
was 2:1 with 67.2% (n=630) with statistically significance (p<0.001). Regarding effectiveness, system 2:1 
presented an efficiency of success of 30.8% (n=194), whereas system 1:2 presented a moderately low value of 
25.7% (n=79). When comparing periods of points (F1:1 to 7, F2: 8 to 14, F3: 15 to 21), system 2:1 showed 
higher effectiveness than 1:2 for the last two periods F2 and F3. Finally, a decrease in unscored point actions was 
observed in both systems between periods F1 to F3 (59.63% for 1:2 and 45.35% for 2:1). 
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Introduction 
Both defensive and offensive systems are a fundamental part of the sporting success of a team since the 
tactical decisions determine the development of the game and lead a team to the victory or defeat. 
In recent years, researchers have focused on the development of computer systems and tracking 
technologies to analyze, evaluate and detect game systems because detecting patterns of play is difficult to 
perform. Several studies have used tools to evaluate the game, one based on the use of video (Link, 2014; Tilp, 
Koch, Stifter, & Ruppert, 2006) and another to develop standards-based data mining analysis (Zhang, Zhao, & 
Wu, 2006). Other research has investigated the development of technology for tracking moving objects such as 
balls, with the support of photogrammetry 2D (Gomez, Herrera López, Link, & Eskofier, 2014; Jlassi, Douik, & 
Messaoud, 2012), as well as with 3D photogrammetry (Chen, Tsai, Lee, & Yu, 2012). These studies have 
provided teams with the strategies and tactics of the game through ball movements analyzed using these systems. 
The interpretation and reading of the game are related to different variables that influence the players, 
both directly and indirectly. There is a relationship between the success of the athlete and the experience in 
performing various technical actions: in senior categories (García-Alcaraz, Palao, & Ortega, 2014; Moreno 
Arroyo, Moreno Dominguez, Urea Espa, & Garcia Gonzalez, 2008; Palao & Ortega, 2015; Palao & Ureña, 
2004), and junior categories (Medeiros, Marcelino, Mesquita, & Manuel Palao, 2014). This dependence is 
related to the position of the players during the game, because both a good position and reading of the opposite 
game facilitate the successful completion of technical actions and help establish a tactical foundation (Chen, 
2014). Not only the set of technical measures provides a tactical game model, but also there are technical 
elements, like the serve that, by themselves, constitute the beginning of the tactics and strategy of a team. These 
actions can modulate the types of serve (Jimenez Olmedo, Penichet Tomas, Saiz Colomina, Martinez Carbonell, 
& Jove Tossi, 2012) their speed (Gea & Molina, 2013) and the player who receive the serve. 
Moreover, displacement of players, widely studied becomes one of the pillars of the tactics of the game, 
and it is subject to the playing surface. In the case of beach volleyball, sand difficulties movements (Bishop, 
2003; Giatsis, Kollias, Panoutsakopoulos, & Papaiakovou, 2004; Smith, 2006) represents an increase in the 
workload  (Magalhaes, Inacio, Oliveira, Ribeiro, & Ascensao, 2011) and influences directly the  technical 
elements that athletes should carry out (Ricarte, Freire, & Oliveira, 2008). 
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Professional teams selected high-blockers accompanied by shorter defenders, which is valid for both 
men (Tili & Giatsis, 2011) and women (Giatsis, Tili, & Zetou, 2011). This difference is related to the 
specialization by playing position, because in teams where roles changed there is no such differentiation (Palao, 
Gutierrez, & Frideres, 2008). Consequently, according to the literature that states that the tactical roles are set 
depending on the physical capacity of the players (Palao, Valadés, Manzanares, & Ortega, 2014), the optimal 
game model assumes the combination of high-blocker and lower but agile defender (Kim, Yusof, Lam, Fauzee, 
& Kwong, 2012). 
Despite the specific literature on game tactics, it is only possible to find a research that evaluates in 
detail play systems in women´s beach volleyball (Seweryniak, Mroczek, & Lukasik, 2013). However, tactical 
development evolves like the game does, because players are adapting to game conditions. Therefore, game 
systems should be evaluated in relation to the development of the set or game, as a means of supplementary 
information to the analysis of the performance. 
After reviewing the literature on the matter, we realized that no studies evaluating in detail game 
systems used in connection with completion have been carried out. The same applies to studies on whether the 
systems evolve or not along a set in men’s university beach volleyball. 
This article presents a study of defensive system in university beach volleyball players in order to 
determine the evolution throughout the set and effectiveness in relation to the performance factors of the game. 
 
Materials and methods 
Sample 
Data were collected from the videotaping of games running from the 23rd to the 28th of July, 2013 in the 
Portuguese city of Oporto, during the Ninth European Beach Volleyball Championship EUSA GAMES. The 
championship featured men's and women´s categories. In this study, 24 European men's teams from 16 different 
nationalities were analyzed. Moreover, blockers´ actions were analyzed using 937 blocking actions.  
 
Instruments and data collection 
A video camera Sony DCR-cx 280 with a focal length equivalent of 29.8 to 953.6 mm and a resolution 
of 1920x1080p / 50fps was used. The camera was calibrated using four placeholders to create a framework 
containing an overlap of 30% above the limits of the field  
Blocking actions performed by players in different games ranging from the group stage to the final 
stages of the championship were analyzed. The analysis of the videos was carried out using the free software 
program LongoMatch v.0.27. 
After transcoding the video, we were able to combine the characteristics of the files with the software 
requirements analysis of LongoMatch using the open source software Handbrake. The combination of 
frequencies obtained from the analyzed categories and subcategories was made with the implementation of 
Google Drive Sheets. 
 
Procedure and design 
An experienced observer made the visualization and analysis of the video recordings. During the study, 
displays of two intra-operator were performed to prove the reliability of the observation (Davies, 2008). 
For each variable analyzed, calculating the percentage error was made using the following mathematical 
expression (Hughes, 2004): Erm=(Σ(mod[V1-V2])/Vmean)*100 where V1 are the frequencies of the first 
visualization, V2 the frequency of the second visualization, Vmean the average of the two frequencies visualization 
registered, and mod is the module. 
Reliability performed on the intra-observer analysis showed a margin of error lower than 5%. (James, 
Taylor, & Stanley, 2007), established within acceptable margins of error. 
To carry out the analysis of the actions undertaken by the blockers, different categories of observation, 
that would allow collecting the necessary frequencies to answer research questions, were established. 
First, we analyzed the systems used to defend the attacks from the opposing team (Table 1). 
 
Table 1. Categorizing systems analyzed. 
Operation   Definition 
1:2 system   Defensive system where right field player (player two) is the blocker and the left 
field player (player four) plays as a defender in a retracted position. 
2:1 system   Defensive system where right field player (player two) is the defender and the left 
field player (player four) plays in a retracted position (blocker). 
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Once established the systems to be analyzed, an observation matrix was developed to determine the 
effectiveness of the systems and frequency points or loss. A classification of completion point was raised (Table 
2). 
Table 2. Description completion point. 
Operation   Definition  
Win   When the disputed point is won following an attack. 
Not Win   
When the game following an attack continues because the defending team 
continues to dispute the point or the point is lost. 
Furthermore, we classify completions and frequency depending on the time that the action occurred 
along the set. By doing so, it is possible to see the evolution of systems, completions and frequencies throughout 
these periods of the game. To do this, the following periods were established (Table 3). 
Table 3. Description and division of sets in period of points. 
Operation   Definition 
F1   Actions between point 1 and 7 of the analyzed team. 
F2   Actions between point 8 and 14. 
F3   Actions between point 15 and 21. 
Note: F1: Period point 1; F2: Period point 2; F3: Period point 3. 
Statistical analysis 
The significance of the comparison of systems is calculated using the Z test to compare proportions. 
 
Results 
After carrying out the analysis of the most used systems by male players in the European University 
Championship, we learned that the most widely used one was 2:1 system with 67.2% (n=630). In this system, the 
left player (number 4) is the blocker and the right player (number 2) is the defending field player or the delayed 
player. By contrast, the least defense system used was the 1:2 system with 32.8% (n=307), establishing a 
statistically significant difference in comparing their proportions (p<0.001). 
On the one hand, regarding winning points effectiveness, system 1:2 presents a moderately low value of 
25.7% (n=79). By contrast, most of the disputed points in this defensive system are not won (74.3%, n=228). 
This low value indicates that a great defensive difficulty exists in beach volleyball, 1 of every 4 actions can 
defend and end up by scoring the point in this system. In addition, there is a significant difference between the 
points scored and unscored with this game system (p<0.001). 
On the other hand, the system 2:1 presents an efficiency of success of 30.8% (n=194) whereas the 
majority of the points disputed with this defensive system are not scored (69.2%, n=436). As in the 1:2 system, a 
great defensive difficulty exists since the majority of the defended points do not end up by being scored. A 
significant difference between the scored and unscored points using this game system (p<0.001) has been 
established (see Table 4). 
Table 4. Comparison of proportions between earned and unearned points by systems and periods. 
 1:2 system 
 DP  EEDP  IC  P 
F1 0,579  0,049  0,48-0,68  <0,001* 
F2 0,388  0,062  0,27-0,51  <0,001* 
F3 0,442   0,081   0,28-0,6   <0,001* 
 2:1 system 
 DP  EEDP  IC  P 
F1 0,458  0,039  0,38-0,54  <0,001* 
F2 0,372  0,043  0,29-0,46  <0,001* 
F3 0,282   0,054   0,18-0,39   <0,001* 
Note: F1= Period 1, point from 1 to 7; F2= Period 2, point from 8 to 14; F3= Period 3, point from 14 to 21. In third set, F1 is 
from point 1 to 5, F2 from point 6 to 10 and F3 from point 11 to 15. 
*: Statistically significant 95%. 
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Then, Table 5 presents a comparative analysis of these two game systems to observe the differences. 
 
Table 5. Comparison systems 1:2 and 2:1. 
    1:2 system   2:1 system 






























Win 29 21.0  33 30.6  17 27.9  68 227.1  70 31.4  56 35.9 
Not 
win 
109 79.0  75 69.4  44 72.1  183 72.9  153 68.6  100 64.1 
Note: F1= Period 1, point from 1 to 7; F2= Period 2, point from 8 to 14; F3= Period 3, 
point from 14 to 21. In third set, F1 is from point 1 to 5, F2 from point 6 to 10 and F3 from 
point 11 to 15. 
On the one hand, the effectiveness of success depending on the system do not show great differences 
among the relative values of percentage, but they do show them in the absolute values of frequency. A deeper 
analysis reveals greater percentage difference in effectiveness in period 3 (F3). In fact, the system 1:2 showed an 
effectiveness of 27.9%, while in system 2:1, the effectiveness was higher with 35.9%, the biggest difference 
recorded between two systems. Notably, similar values were recorded during period 2 (F2) for both system 1:2 
to system 2:1. 
On the other hand, it should be noted that regarding unscored points, a decrease in the actions was 
experienced in both systems. A loss of 59.63% of absolute actions between period 1 (F1) and period 3 (F3) of 
the system 1:2 has been established, opposite to 45.35 % of loss between the same striping of the system 2:1. As 
mentioned above, it is necessary to remember that in the unscored actions, the actions are included where after 
an assault the point is continued. This type of actions poses a greater stringency on the players, as they must 
continue to extend the average time points, which might explain this decrease so accused in the absolute 
frequencies of unscored points. 
Finally, if the efficacies of both systems, regardless of the absolute values are compared, it is possible to 
see an increased use of system 2:1 compared to 1:2, with no statistically significant differences between the use 
of one system or another (p=0.109). If a comparison by periods of points is performed, no statistically significant 
differences between the efficacies of both systems are established. 
 
Discussion 
The situation and attack position determine the range of possibilities of attack, widely described in the 
literature reviewed. An attack by zone 4 has four possibilities: line attack, feinting to the line, the attack on the 
long diagonal and a short diagonal attack (Schläppi-Lienhard & Hossner, 2015). Therefore, taking into account 
these possibilities, the positions of the game are set to cover the widest possible area, both online and in the field. 
Considering this defensive structure, a study containing an analysis on professional women´s beach volleyball 
players distinguished fourteen gaming systems (Seweryniak et al., 2013), of which only four stood out. This 
research is only based on two systems, but the authors state that these are the basis of the fourteen included in 
their study of defense in women's beach volleyball. 
Of the two systems analyzed, the predominance of one of them arises, the system 2:1, being the most 
frequently presented. This prevalence could be explained by different causes, including the fact that blockers are 
higher than defenders (Tili & Giatsis, 2011). The height difference means that taller players occupy the fourth 
position in the field, as this allows a greater possibility of strong attacks for the right-handed players. Players 
who play defensive roles have better values in their physical conditions and agility than their peers (González, 
Sedano, Fernández, & Díaz, 2014), which would support this idea. This defensive game delayed or position in 
zone two field requires better values of speed, agility and movement, which determine the type of defensive 
tactic employed to neutralize the attacks of the opposing team. 
As it was suggested by the literature, on teams where two players with similar characteristics, roles of 
defense and blocking are exchanged (Palao et al., 2008). This could explain that, independently of the game 
system used only 2:1 system shows an increase of 5.1% of relative effectiveness compared to the system 1:2. 
Most teams had a 2:1 system configuration to suit the anthropometric characteristics of their players, 
i.e., a high block and a short defender. This configuration could explain that the differences are not in the relative 
effectiveness values, but in absolute values. 
Regardless of the game system used, in the analysis of the evolution of the number of shares in absolute 
values, a decrease of the actions taken was observed, especially in actions where the point is unscored. These 
decreases would be explained by the decrease in the number of continued actions, where the point is not 
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completed. These types of actions mean that the average time points increase, which directly influences the 
charging game and therefore causes the drop in performance because of fatigue (Cameli et al., 2005). Given that 
jump height is a determining factor in sporting success (Batista et al., 2008), fatigue shows a decrease of 25% in 
the jumping capacity (Edwards, Steele, & McGhee, 2010), which takes players to be less strong and effective in 
both attack and defensive actions. 
Finally, the increase of the efficiencies as the set advances might be explained as a consequence of the 
reading and the interpretation of the game on the part of the defensive team (Güldenpenning, Steinke, Koester, & 
Schack, 2013), since the reading of the game is based on the experience of the players (Cañal-Bruland, Mooren, 
& Savelsbergh, 2011). Therefore, a better reading of the game and evaluation as the set develops would help to 
increase the relative values of efficiency, regardless of the type of defensive system used. This is why it is very 
important to plan meetings, because stressful situations lead to a negative reading of the game, and this can make 
someone take the wrong decision, which will end up affecting negatively the development of the game (Vieira, 
Carruzo, Malheiros, Aizava, & Rigoni, 2013). 
 
Conclusions 
- The most used system of game is the system 2:1 with 67.2 % of the total of analyzed actions. 
- The most effective system was again 2:1 with 30.8 % of the disputed points. 
- The efficiency of both systems evolves positively as for efficiency. 
- The frequency of absolute actions undergoes a negative decrease especially when it comes to the Not 
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